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CHAPTER I 
lNTRODUCTION 
The aims of orthodontics are to establiSh and maintain normal occlusion, 
function, stomatognathic balance, and facial esthetics. These objectives 
can be obtained only with appliances. The wires in appliances exert forces 
that apply pressure to the roots of the teeth. The proper application of 
orthodontic pressure moves teeth. 
There are three factors influencing force intensity or magnitude. 
They are: spring composition, cross sectional geom.try (of the wire from 
which the spring is _de), and spring design. The last factor, spring 
design, provides the widest range of control for the application of ortho-
dontic forces. However, in order to design orthodontic appliances which 
approach the ideal, one must have a basic knowledge of the other two factors. 
Moat orthodontic wires are either stainlela steel or "Elgiloy" alloy. 
The mOlt important difference in the composition of these wires is that 
stainless steel contains 18:8 chromium-nickel and the other ("Elgiloy") 
contains 40: 20 cobal t-chrolliUJll. No complete study has been made which com-
pares the elasticity of these wirea to each other, before and after heat 
treating. 
The cross-section geometry is also important in determining the prop-
erties of • wire. Structural design formulas can be used to compute the 
1 
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differences in spring rates and elasticity', due to changes in diameter of 
round wires and alterations in the shape of~rectangu1ar wires. 
All springs have the characteristic of elasticity, which may be thought 
of as resUiency or springiness. In some springs, the values of force 
magnitude are far greater than in others. When a spring, upon activation, 
shows a high magnitude of force and low deflection, it ia said to possess a 
high rate. However, when the reverse is true, i.e., the deflection i8 high 
and the force magnitude is low, the spring is said to possess a low rate. 
The rate of a spring may be derived frOll the following formula: 
Spring Rate - magitude of force in grams 
.. de ection in mUlaeters 
Low rate springs are more nearly ideal for orthodontic purposes because 
their elasticity is very high for low force magnitudes. 
It is not enough to estimate the spring rates of wires by feeling with 
the fingers or by relying on preconceived ideas. Spring rates can be 
evaluated only by the accurate determination of load and deflection. 
Clinically, these data can serve as a guide in the fabrication of 
appliances. The evaluation of the data will also serve as a check on certain 
variables relating to loads and deflections. These variables are: length 
of wire, size and cross sectional geometry. The effect of heat treatments' 
as clinically used will also be studied. 
STATEMINT OF THE PROBLmt 
Therefore, with the foregoing in mind, the purpose of this investigation 
is to: (1) determine the effect of heat treatment upon modulus of elasticity 
3 
and spring rates in both 18:8 chromium-nickel (stainless steel) and 40:20 
cabal t-chromium (NElgiloy") vires; (2) determine the influence of varying 
the length and cross-section geometry upon load-deflection curves of vire 
specimens of cantUever beams; (3) endeavor to validate experimentally the 
engineering formulas for cantUever beams. 
CHAPTER II 
REVIEW OF 'l'lIP: LITERATUU 
Ancient man was interested in physical science because of his innate 
curiosity and desire for knowledge of the vorld about him. 
Archimedes (125 B.C.) was the first to systematically study mechanics, 
particularly statics. He discussed the principles of the lever and arrived 
at the principle of moments, which is closely associated with the idea of 
the center of gravity. 
Hooke (1670) reported on the behavior of elastic memhers. His experi-
IlJental worl{ indicated that the deflection of a given elastic member was 
proportional to the loading applied. 
Newton (1687) described the three lavs of motion. These contained a 
generalization of the idea of force and the methods of measuring force. 
They also contained the introduction of the idea of mass and inertia, and 
action and reaction. 
Mariotte (1700) correctly poal tioned the ntr.ltral axis of a beam under 
transverse loading. He assumed that half of the fibers of the beam were in 
uniform tension and the other half were in uniform compression. Thus, he 
believed that the neutral axis was in the middle of the beam's cross section. 
His reasoning vas erroneous, but the resu! t was correct. 
Little progress in mechanics vas made until the latter haIf of the 
4 
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eighteenth century when experimental result. formed the basis for theoretical 
development. This vas the period in which Hooke's law vas verified. The 
proportionality between load and deflection becallle an accepted fact. Know-
ledge of the elastic propertiea of materiala, gained through experiment, 
made posaib1e the formation of theoriea concerning the behavior of structures 
during the nineteenth century. 
Starting in 1917, there began to appear on the clinical horizon, a new 
era: the era of engineering mechanics. 
rilb considered analytical mechanics to be divided according to the 
following system: 
Mechanics: 
A. Kinematics: The treating of motion without reference 
to the forces and other circumstances of IROtion. 
B. Dynamics: The mathematical treatment of force and 
other circumstances of IlOtion. 
a. kinetics, that branch of d;pnam.ics which deals 
with variable motion. 
b. statics: that branch which deals with uniform 
motion and rest. 
Fish further stressed that dynamics must be used in the analysis of 
appliances. He felt that the carrying out of the tooth movements depends on 
the scientific application of forces, and since the movements of teeth under 
force are not uniform, kinetics must be used. 
Borschke (1920) constructed a saa11 instrument for measuring forces in 
the mouth. As explained by Schwarz, it consisted of a "U" shaped wire 
clamped in a small tube. A force of 20 grams would deviate the longer end 
I~ 
6 
2 mm. from the shorter end. 
Williams (1923), working with metallurgists and chemists, studied 
defeets in orthodontic wire caused in its production. He described interior 
"cupping", hollow formations, porosity, and blow holes in the wire. He used 
the tensiometer, torsiometer, hardness testers, and an instrument to deter-
mine the elastic limits of wires. This instrument has a movable seale with 
a memory dial to record deformation points. 
Irish (1927) devised an instrument for measuring the force and reau1 t-
ing displacement of a labial arch wire. The "Irilhometer" was not described 
in full detail., but from the photograph it appeara to have been built on 
the principle of the calibrated spring balance. The balance waa supported 
rigidly and provided with a gauge for indicating forcea, whUe the ortho-
dontic appliance waa mo.,.ed oyer a graduated scale that measured displacement. 
Such an inatrument had limitations in measuring displacements when either 
equal or unequal loads were placed at several. point •• imu1 taneoualy. 
Korkhaus (1928) also developed an instrument on the order of the balance 
for measuring displacemell t of simple apr ings. The applied preasure 1I&a 
indicated on a fixed calibrated scale as the displacement changed. His 
instrument was 1es. elaborate than that deviled by Irish. It also presented 
difficulty in taking meaaurements with loads at lIlOre than one point simul. 
taneously. 
McKeag (l929) noted that the pressure from a cantilever spring varies 
directly with the amount of deneetion and with the fourth power of the 
diameter of the wire. He also found it varies inversely with the cube of 
7 
the length. 
Brumfield (1930) explained stress as a counteracting force induced 
when a structure is distorted due to external. forces.. He classified stress 
as tensile, compressive, and shearing, and gave a general. law by which 
tensile and compressive stresses are induced in a beam subject to bending 
forces. 
Bandia. (1931) designed an apparatus called the "Regumeter" to measure 
forces intraora1ly.. It vas essentially a push-pull spring strain gauge. 
Richmond (1933) also realized that orthodontic forces should be 
measured. He designed a stress and strain gauge to be used in the mouth. 
Peyton and Hoore (1933) devised a simple apparatus for investigating 
properties of orthodontic cantilever and renex springs. It allowed force 
applications at BlOre than one point. They used,a 1!lOUnted short range 
tel •• cope with cross hair lhat could be focused in the upper side of the 
spring being tested. The springs were held in place by a pin vise and 
loaded with weight increments. They stated that the actual diap1acement 
values of or tho don tic 8pr1.ngS are dependent on three conditions, namely: 
(1) the wire diameter, (2) the wire length, and (3) the wire design. Later 
they showed that displacement is also dependent upon the modulus of 
elasticity; however, their work did not give any data other than for simple 
cantilever aprings. 
Paulich (1937) studied properties of straight steel wires which had 
been co1(1 worked and heat treated. Finger springs and arch wire forces 
were tested on a model clamped to a bas. with a force indicating meter. 
8 
iunder1y {1947} employed the basic theories of the bending of elastic 
beams to investigate the mechanical properties of orthodontic arch wire. 
IIe concluded that an arch vire should possess high nexibili ty coMbined 
with high resiliency. 
Balderson, Johns, and Moyers (1953) measured the weight of forces 
inherent in arch .ires and auxiliary springs by means of an electronic 
gauge, consisting of a transducer, an amplifier, and an ink writing 
oscillograph. !he instrument was sensitive to force variations of one 
tenth of a gram, and with it they determined force ranges for the edgswise, 
1abio .. lingual, and twin.wire appliances. 
Sved (1952) developed a theory of deter~ing the forces in an ortho-
dontic arch. He treated the problem as a beam with .w1 tip1e supports, and 
fOWld that'the 0.016 inch round wire exert. only 7-i to 13 per cent of the 
force delivered by the edgewise arch. 
Steiner (1953) studied load deflection of precious metal and .teel 
wires. He concluded that precious aetal. bend JIlOre under the same load. 
Different sizes of square and rectangular vires vere tested as cantilever 
beams, and their deflections vere compared to each other. 
Drenker (1955) studied second order bending in rectangular wires. He 
concluded fro. his e:xped.ment that deflecting a .021 x .025 inch edgewise 
arch approximately 1.5 degrees in inserting it into the bracket will produce 
permanent deformation. The force engendered was between one and two pounds. 
Oberg and Jones (1959) wrote a SUIIII:lal'y of prior knowledge of luechanics 
and s·trength of mateA."ials giving formtlas for different bealil. loadings and 
9 
denections. 
Burstone (1961) and co-workers investigated the properties of round 
and rectangular wire springs. They used an instrument to hold cantUever 
springs, and these were loaded with weights and _atured for diap1acements. 
Yertical loop springs were also tested on a mounted Hunter strain gauge 
which indicated load and deflection on separate dials. It".s shown that 
the release of relatively constant force depends primarily on the structural 
design of the appliance and secondarUy on the mechanical properties of the 
wire. 
Since the orthodontist depends on wire for a prime force producing 
device, the profession is constantly looking for new and JIOre efficient 
wire. 
For many years the alloy of choice .. s gold. There is ach research 
to demonstrate that the tensile strength, proportional 1iait, and resiliency 
can be increased by proper heat treatment. A1 though stainless steel wires 
also exhibit desirable physical properties, mAnT investigators differ in 
opinion as to the result. of heat treatments. 
Krivobek (1935) feels that stainless steels are incapable of a true 
heat treatment since they are resistant to transformation from the 
austenitic state. 
The Armco Steel Corporation (1955) concluded that a change in space 
lattice of the components of stainless steel does not occur with heat 
treatment. 
The United States Steel Corporation (1954) notes that austenitic 
steels do not undergo any critical transformations during either heating 
10 
or cooling and are Dot hardenab1e by any process of heat treatment. 
Conversely, other investigators feel. that the type 304 alloys can be 
made more elastic with heat treatment. 
Gaylord (1939) studied heat treated and nOD.heat treated stainless 
steel wires under tensUe and bend tests. He used an "intermediate anneal", 
593 .. 7040 C. (1100.13000 r.), and noted a 55 per cent increase in modulus of 
elasticity and a 20 per cent increase in proportional limit. Gaylord felt 
that these improvements were due to what he termed. .carbide precipitation. It 
Binder and Franks (1940) tested 18:8 stainless steel in order to 
arrive at an optimum tbte .. temperature heat treatment combination. They felt 
that heat treatment produces an increase in fatigue resistance without 
increasing intergranular corrosion. They sugge.t a time of 8 to 100 hours 
at a temperature of between 2000 C. (3920 F.) and 2500 C. (4820 F.) for 
highest proportional limit and yield strength. Binder and Franks believe 
that the improvement in ela.tic properties obtained during heat treatment 
to be the resu1 t of a release of stresses incurred during cold working. 
Funk (1951) performed an experiment to evaluate the effect of heat 
treatment on straight lengths of stainles. steel. One end of the wire was 
clamped in a vise whUe the other end had weights suspended. By measuring 
vertical displacements of heat treated and non-heat treated vires, he 
concluded that the wires showed no significant difference due to heat 
treating. He then incorporated bends in wires and found that the heat 
treated wires were deformed significantly less when SUbjected to the same 
forces as the non .. heat treated wires. Funk believed that heat treatment 
changed the internal structure of the wire. He recommenda 8500 F. for 
at minutes as the be.t time .. temperature combination. 
The Elgin National Watch Company (1947) developed a new alloy for 
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watch mainsprings which ean be applied to the practice of orthodontics. 
'!'he trade name of this alloy is "Elgiloy", and it is of a chromium. .. cobal t 
base. In comparison with other steel mainsprings, the Elgin Company 
claims that "Elgiloy" mainsprings deliver 20 per cent higher torque and 
have from 85 per cent to over 1000 per cent higher resistance to fatigue, 
and 275 per cent higher resiatance to set. Coapared to 18:8 stainle •• 
• teel, "E1gUor' i. shown to have a 9 per cent higher ultimate strength, 
8 per cent higher yield strength and 5 per cent higher elastic modulus. 
The manufacturer .tatea: 
Elgiloy is a cobalt baae alloy which der ives ita 
maxism proper tie. from a combination of cold work 
and heat treatment. It is hrportant to note that 
once EIgUoy is umealed the cold work is lost and 
Elgiloy will not regain its maxl.r1lWn properties with 
further heat treatment. ElgUoy combinea the excel-
lent strength characteristics and corrosion resistance 
of chromiWll plus the strength and ductUi ty of nickel. 
Molybdenum is added to increase the mechanical proper-
tie. at elevated teperaturea. The remaining elementa 
provide1he additional properties of hardenabUity and 
let resistance. 
In regard to "E1gUoy" wire and rod the manufacturer .tates that the 
shear stress and torsional modulua vary with cold reduction and heat treat-
ment. '!'heir rate tests revealed a 45-48 per cent cold reduction in cross 
sectional area gave the best shear atrength properties. This reduction ia 
considered normal spring temper. '!'he manufacturer further states "Due to 
ElgUoy's inherent strength, the amount of cold work and heat treatment can 
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be varied to meet the requirements of the individual application. There-
fore, it is not possible or practical to give blanket beat treating 
instructions that will cover all applications. Generally, however, the 
heat treatm.ent is a functi.on of thle and temperature. The temperature 
range falls between 6000 r. (3150 C.)and 10000 F. (538° C.) and ~~e time 
cTcle can be varied between 3 and 5 hours." No data are given for wires 
s~ler than .025 inch in diameter. 
Denver (1&58) compared "Elgiloy" and 18:8 stainless steel in regard 
to certain physical properties before and after heat treatment. The heat 
treatment for all wires was sod' F. (482° C.) for 3 m.inutes. A tensile 
load was applied to the ends ci: the vertical closing loops. Danver con ... 
cluded that the heat treatment improved the ability of "Elgiloy" to resist 
permanent deformation. 'l'hia resistance is in the range of 55 to 66 per 
cent. The 18:8 chr01lliwa-nickel stainless steel wire showed a 39 per cent 
improvement in this test. A cold bend test was used to study" ductility. 
Following heat treatment the ductility of nngiloy" 10 reduced. an average 
of 68 per cent for blue "lUgiloyft and 77 par cent for yellow "E1gUoy". 
This heat treatment has no effect on the ductility of the type 304 wire. 
Mutchler (1959) compared the effect of heat treatJllents of various 
time .. temperature combinations on the mechanical properties of "ElgUoy" 
and the 18:8 chromium-nickel orthodontic wires. lie concluded that the 
optLmm. heat treatment for "Elgiloy" is 3 to 15 minutes at a temperature 
of 4820 c. (9000 F.) to 5380 C. (10000 F.) and 3 to 15 minutes at a 
temperature of 371° C. (700° J'.) to 4820 C. (9000 F.) for 18:8 
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chromium-nickel vires. Controlled heat treating va. found to increase the 
proportional limit, modulus of elasticity, and modulus of resilience to 
both types of vires tested. These increases vere greater in the "Elgiloy" 
vires. He also checked di8lleters of sup1e round wires of " Elgiloy" , 
Rocky Hountain, and l1nitek. It was determined by measuring in three 
positions that the diameter varied less than .06 millimeter in any direction. 
1,1 
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CHAPTER III 
MEDlOns AND MA. TERIALS 
WIUS 
Two general types of orthodontic wires were used in this investiga-
tion: 18:8 chrODlium-nicke1 steel and "Elgiloy" 40:20 cobalt-chromium 
steel. Size and shape of the cro ••• ection varied according to the purpose 
of that particular part of the re.earch. 
Two common types of 18:8 chromium-nickel stainle •• steel were uS.d, 
•••• , Unitek .tainle ••• tee1 manufactured by the Unitek Corporation, 
Pasadena, California, and 'lru.ChrOJll8 stainl.ss steel distributed by 
Rocky Mountain Ketal Products of Denver, Colorado. Both are ot the 
American Iron and Steel msti tute type 304 and contain the fo11ow:ing e1e. 
ments: 
TABLE I 
BA.SIC COMPOSItION: 18: 8 StAINLESS STEEL 
Element Percentage 
Chr omiUlll •••••••••••••••••••••••••••••••• 
Nickel •••••••••••••••••••••••••••••••••• 
Hangane ••••••••••••••••••••••••••••••••• 
Silicon ••••••••••••••••••••••••••••••••• 
Car-bon •••••••••••••••••••••••••••••••••• 
Pho~horou8 ••••••••••••••••••••••••••••• 
Su:lphul- ••••••••••••••••••••••••••••••••• 
Iron ••••••.•••.•.•.••.••••••••••••••••.• 
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18-20.00 
8-10.00 
2.00 
1.00 
0.08 
0.04 
0.03 
Balance 
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Typical mechanical properties, a8 published by the manufacturer, are 
as follow8: 
TABLE II 
18:8 CHROMIUM-NICKEL STAD1LESS STULl MECHANICAL PROPERTIES 
PrOEerty 
Modulus of Elasticit" ••••••••••••••• 
Ultimate Strength ••••••••••••••••••• 
Yield Strength •••••••••••••••••••••• 
Tensile Strength •••••••••••••••••••• 
Hardnes ••••••••••••.•••••••••••••••• 
2 Pounds Per Inch 
26,500,000 
330,000 
260,000 
160,000 
472 (Vickers) 
This stainless steel resists corrosion, is non-magnetic, and work 
hardens readily. It resist. a hardening heat treatment: it. annealing 
temperature i. 1010_106So C. (1850-19500 F.). 
The 40:20 cobalt-chromium alloy .tudied i. co_rcially known a. 
"E1giloy". It was originally developed b~ the Elgin National Watch Company 
of Elgin, ruinoi. as watch main8pring .. terial. It is now distributed 
to the orthodontic profession by the Rocky Mountain Metal Products COllpany. 
The composition of "ElgUoT' is shown in Table III. 
TABLE III 
COMPOSITION or "ELGILOY" 
Element 
Cobalt •••••••••••••••••••••••••••••• 
Chro.iu.m •••••••••••••••••••••••••••• 
Nickel ••••••.•••••••••••••••.•••••.• 
Molybdenum •••••••••••••••••••••••••• 
Hanganese ••••••••••••••••••••••••••• 
Carbon ••.••••••••••••••••••••••••••• 
Beryllium ••••••••••••••••••••••••••• 
Iron •.•••.••••••••.••••••••..••.••.. 
Percentage 
40.00 
20.00 
15.00 
7.00 
2.00 
0.15 
0.04 
Balance 
Sou of its more important mechanical ,roperties are shown in 
Table IV. 
TABLE IV 
"ELGILOy:t :lIffiCHAt'JICAL Pi'OPERTIES 
Pounds Per Inch2 
29,500,000 
368,000 
280,000 
275,COO 
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Modulus of Elasticity •••••••••••••• 
Ultimate Strength •••••••••••••••••• 
Yield Strength ••••••••••••••••••••• 
Tensile Strength ••••••••••••••••••• 
Hardness ••••••••••••••••••••••••••• 702 (Vickers) 
The alloy is non-magnetic and corrosion resistant. According to the 
manufacturers, it derives ita maximum properties from a combination of 
cold working and heat treatment. The manufacturer recommends a heat 
treatment of 3150 C. (6000 F.) to 5380 C. (10000 F.> for up to five hours 
depending upon the application. 
ttElgUoy" is .urketed in four forms: red. green, blue, and yellow. 
Each form differ. fr01ll the others in both physical and mechanical proper .. 
ties. Hovever, the manufacturer gives no detail. a. to differences in 
composition or production treatment. 
TESTING HACHINE 
The machine used ir. this investigation vas designed in the 
Loyola University Orthodontic Department and vas asaemb1ed by the 
Adaho1d Manufacturing Company of Hammond, Indiana. The apparatus (Fig. 1) 
essentially consisted of two mounted stages. The smaller stage (Fig. ll) 
vas movable by a lead screv handle (Fig. 1B) from the baae of the larger 
i. 
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stage (rig. 1C). This screw had a pitch of 32 turns per inch for excellent 
control displacement of the smaller stage. Bracket mountings (Fig. lD) 
and pinvises (Fig. 1E) were placed in various positions on the smaller 
stage. 
The linear displacement of the smaller stage was measured on a dial 
indicator or extensometer (Fig. 1F and 2), manufactured by the Scherr-
Tumico Company. This indicator could be moved and locked into various 
positions on a fixed bar (Fig. 1G) below the larger stage. It measured 
displacement via a telescoping "feeler" arm to the movable .tage base. 
The total range of travel of the feeler arm was 50 millimeter. vi th a 
scale of 0.01 .U1imetars per divilion. 
Hagni tude of the applied force was measured br a force gauge manu-
factured by the Bunter Spring Companr (rig. lB). This va. mounte. on top 
of the larger fixed .tage. It. range was 0 to 1000 gram. of applied force 
graduated in 10 gram divisions (Fig. 3). 'steel hook was locked into the 
pinvise at the tensUe meaauring end of the force gauge. This hook 
engaged the specimen vires attached to the movab1. ltage. An electrical 
light circuit wal deligned and placed in the hook and wire (rig. lI). 
This light would only burn when the wire and hook contacted each other 
(Figs. 4 and 5). 
Since the Hunter gauge has a "follow-along", correction terms were 
necessary. These corrections vere determined for all force magnitudes. 
The measurements of displacements were corrected before any calculations 
or plotting. were attempted. 
FIGURE 1 
LOJD-DEFLECTICIl TESTING MCHINE 
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FIGURE 3 
FORCE GAUGE 
70 0 
20 
21 
,mUD ., 
ELECTRIC CDCUI'l DlDICA'lDfG NO S'lRESS 
22 
FIGURE 5 
ELECTRIC CIRCUIT INDICATING STRESS 
METHOD OF TF,sTmG 
The easiest method of comparing wire spring rates is by stressing the 
wires as cantilever beams. '!be deformation and resiliencies of various 
common orthodontic wires were evaluated in this manner. 
Specific wires were mounted end stressed as cantilever beams to 
determine the effect of heat treament, length, diameter and cross section. 
Six types of wires representing two general kinds of alloys were tested. 
A right angle was bent in each wire at 12 millimeters. This was done 
to prevent the wire from slipping against the hook during testing. Fach 
individual wire vas then locked tightly into the pinYise on the movable 
stage at the 12 millimeter point. This measurement vas made from the 
collet of the pinvise to tho hook on the Uunter force gauge. The force 
gauge hook engaged the wire at the inner.JOOst point of the right atlg1e 
bend. 
The lead screw handle was turned so that t..'1e hook 5u.st touched the 
beam. When this occurred, the electric light went on. The circuit vas then 
broken so as not to heat-treat the wire. The Scherr-Tumico t)xtensometer 
and the Hunter gauges were then set to the "0" deflection. 
The lead screw handle was then rotated to give det'ired readings of 
force from 20 to 200 grams. Simul taneous readings were made on the force 
and extensometar gauges at 20 gram incT'ements of applied force. At 200 
grams the light wall ,1lt on and t.he lead screw handle was counter-rotated. 
This reversal "backed-off" the force application and the vire deflection. 
A deformation distance was recorded when the light went off. The electric 
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circuit was broken because the wire and hook had lost contact. 
This provided data for load versus deflection curvos. The elasticity 
of the wires could be evaluated by comparing deformations to total deflec-
tions. 
REA T TREA'l'lfEN T 
An experiment was done to determine the effect of tvo different heat 
treatments on f'Jllgiloy" wires. Red, green, yellow, and blue .016 inch 
diameter wires were "resistance heat. treated" in the Rocky Mountain Series 
500 Unit (Fig. 6). The manufacturer's instructions were, "When heat. 
treating small wires, activate the machine until wires take on a dark 
color. JI The wires were thus treated and allowed to cool in air. 
otl-ter groups of "ElgiloyM wires were treated in the Rupert electrical 
OVfm, (F'ig. 7) at 8500 F'. (3540 C.) for 3! minutes. The temperature was 
measUl'ed by means of a chromel-a1umel thermocouple connected to a direct 
reading Leeds and Northup potentiometer. These two heat treatments were 
chosen because they are used clinically in orthodontics. All wires were 
tested at a constant room temperature of 72° F. 
In order to maintain their original diameter for testing, the wires 
were not polished after heat-treating. They were individually locked into 
the pinvise at 12 millimeters, and again tested from 20 to 200 grams in 
increments of 20 grams. Replicate readings on duplicate wires were taken. 
A test was performed to determine whether the oven heat treatment had 
any effect on straight "unworked" stainless steel wires. Rocky Mountain 
and Unitek .016 inch diameter stainless steel wires in the has received" 
I, 
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condition were treated in the Rupert oven for 3! minutes at 8500 F. 
o (354 C.). These wires were allowed to cool in air and were not polished. 
They were compared to similar wires not treated in the oven. Deformations, 
as an indication of stiffness, were recorded as described earlier in the 
testing procedure. 
Another test was performed to determine the effect of "stress re1iev .. 
ing" stainless steel wires. One-turn loops of 3 millimeters diameter were 
formed by loop-forming pliers in .016 inch diameter Rocky Mountain and 
Unitek .tainless steel wire. This va. done to "cold work" the wires. The 
o 0 
wires were then placed in a Hupert electrical oven at 850 F. (354 C.) 
for * minutes. 
The vires obtained their uniform straw color and were allowed to cool 
in air. In order to maintain their original diameter, they vere not 
polished. 
Similar looped wires of Rocky Mountain and Uni tek stainless steel 
were formed, but not heat-treated. These vere to serve as a standard for 
comparison. 
The wires were individually locked into the pinvise at one millimeter 
from. the loop. The total distance between pinvise collet and hook was 
then adjusted to 12 millimeters for all the wires tested. The loops in 
each wire tended to close during the application of force (Fig. 8). 
Magni tudes of force from 20 to 200 grams· in 20 gram increments vere used. 
All specimens of vire were duplicated: those heat-treated and those 
not heat-treated; replicate readings were taken. 
I, 
I 
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lIGUlE 6 
RESISTANCE BElT 1'IEATING UNl! 
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FIGURE 7 
RUPERT BEAT .. 1UltlNG om 
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FIGtJU 8 
LOOP BEING TEST.STRESSED 
LllNGTlI 
A test was done to determine the effect of varying the length of a 
wire stressed as a cantilever beam. 
The wire tested was .016 inch diameter green "E1giloy". It was locked 
into the pinvise on the movable stage and the distance indicator and force 
gauges were adjusted to "0", after the light went on. 
A constant force of 20 grams was applied to the fixed beanl at 6, 12, 
18, 24, and 30 millimeters. In this way, the diameter, treatment, and 
force application were kept constant. Only the length of the wire was 
altered. 
Replicate readings on duplicate wires were taken. AU readings were 
within the elastic limit of the wire. 
DIAMETER AND CROSS SECTION GEOME1RY 
A test was conducted to determine the effect of varying the diameter 
size of the wire stressed as a cantilever beam. 
The wires tested were .016 and .020 inch green "Elgiloy". They were 
individually locked into the pinvise on the movable stage and tested in 
the same manner as the length of the wire had been tested in the previous 
experiment. The length of the wire from the collet of the pinvise to the 
hook on the force gauge was 12 millimeters. 
Force magnitudes of from 20 to 200 grams in 20 gram increlll.en ts were 
applied to each wire at the 12 millimeter point. In this way, treatment, 
length, and force magnitude were kept constant. The only variable in the 
test was the diam:eteJ:· size of the wires. Replicate readings on duplicate 
wires \fere taken. 
A rectang-l11ar ,fire can be bent around either the long or the short 
axis of its cross .. sectiJn. To shoy the difference, beam sp~cimens of 
blue "Elg,lloy" wire measuring .016 x .022 inch were tested arou..."ld each 
a..xis. J .. oads of up to 200 grBltS in 25 gram increments were applied. 
A replication was made for each type of test. 
I .. 
CHAPTER IV 
rINDINGS 
These findings are the result of a system of mechanical tests. 
HEA T TREATMENT 
Table V represents specific stress and corresponding strain readings 
for the red .016 inch diameter non-heat treated "Elgiloy" wire. The first 
column gives the load or force applied. The second column indicates the 
deflection or strain at the applied force for the initial wire. The third 
column gives the readings for the replicate wire. The last column gives 
the average of the initial and replicate readings in each row. 
Tables VI, VII, and VIII are continuations of the same system for 
green, yellow, and blue "Elgiloy" wires respectively. A graph (Fig. 9) 
is used to show the relationship of the wires to each other. 
Tables il, I, XI, and XII give data pertaining to load deflection 
values for red, green, yellow, and blue "Elgiloy" wires treated in the 
Rupert oven at 8500 F. for s!. minutes. Fig. 10 graphically illustrates 
the wire deflections under this treatment. Tables XIII, XIV, XV, and XVI 
give deflection readings for the resistance heat treated "Elgiloy" wires. 
The columns are labeled as in Table V for non-heat treated "EIgiloy" wires. 
Fig. 11 compares the wire deflections after resistance heat treatment. 
31 
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TABLE V 
DEFLECTION : .016 INCH RED "ELGILOY" NON-HEAT 
TREATED 12 MILLDfETERS CONSTANT 
Ii __ ..... __ -..-__ 
-
_ .... ,,~o_. ____ .. 
Force in Grams D e fIe c t ion 
TnItiaI ReplIcate Average 
20 • 75 mm.. • 75 mm • .75 mm • 
40 1.54 1.50 1.52 
60 2.37 2.22 2.29 
80 3.07 2 .. 95 2.81 
100 3.85 3.77 3.81 
120 4.6l 4.54 4.58 
140 5.44 5.28 5.36 
160 6.12 6.f)]. 0.07 
180 6.61 6.56 6.59 
200 7.11 7.00 7.05 
TABT,E VI 
DEFLECTION : .016 INCH GREEN "ELGILOY" NON.HEAT I: 
TREA TED 12 IHI.LDfETERS CONSTANT 
... 
Force in Grams D e fIe c t ion 
- InfUa! tiepITeate Average --
20 .75 r.1il1. • 75 mm. .75 1I'1lil • 
40 1.34 1.49 1.41 
60 2.29 2.21 2.25 
80 3.03 3.09 3.06 
100 3.79 3.92 3.86 
120 4.61 4.70 4.65 
140 5.33 5.52 5.43 
160 6.13 6.18 6.16 
lBv 6.74 s.as e.8l 
200 7.20 7.40 7.30 
--
TA.lJLE VII 
DEFLECTION: .016 meR 'fELLOW "ELGILOY" NON.HEAT 
TREATED 12 l-!ILL:nmT.:::,RS CONSTA'Il'T 
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D e f 1 e c t ion Force in Grams --mr-, ""'ltT'1'1'"" a1--=-------..,R~·e-ll"'2'"rrcate--'....;;-.;....-.--:--------
__ , __________ , ___ .. _ " ••. ' ___ • ___ ...;;;A;;..;.v~a[e_.~ ___ _ 
20 
40 
60 
80 
100 
120 
140 
150 
180 
200 
• 78111m 
1.45 
2.23 
3.09 
3.90 
4.79 
5.52 
6.22 
6.94 
7.55 
.68 1IUIl • 
1.34 
2.06 
2.76 
3.50 
4.48 
5.39 
6.19 
6.88 
7.43 
TABLE VIII 
.73mm. 
1.38 
2.14 
2.93 
3.70 
4.63 
5.41 
6.21 
6.91 
7.49 
DEFLECTION: .016 INCH BWE flELGn.OY" NON.REAT 
TREATED 12 MI!.I,IMETERS CONSTANT 
Force :in Grams D e f 1 e c t ion 
___ In_t_ti.!!lu_ Rep1 ieate _____ A_v.er __ .a"""g .... ·~___ , 
20 
40 
60 
80 
lOO 
120 
140 
160 
lar; 
200 
• 60 mm. 
1.36 
2.09 
2.95 
4.03 
5.26 
6.37 
6.93 
7.46 
8.00 
.62 ml'l. 
1.38 
2.12 
2.99 
4.1")9 
5.32 
6.31 
6.90 
7.50 
8.08 
.61 mm • 
1.37 
2.10 
2.97 
4.0#) 
5.29 
15.34 
6.92 
7.48 
8.04 
---------_._. __ ._-_. ----_ .. _----,. -----_ ...... _--
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A NON-HEAT TREATED 
,--
I 
, , 
,h. 
-
40 
20 
o 
I: 
I~V ' 
1:1 
2 4 5 
Deflection in Millimeters 
FIGURE 9 
LOAD V_SUS DIFLECTI~ CUll.VES lOR . 016 INCH "ELGILOY" 
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TABLE IX 
DEFLFX:TION: .016 INCH RED "ELGILOY" OVEN-HEAT 
TREATED 12 MILLIMETERS CONSTANT LDlGTH 
Force in Grams D e f 1 e c t ion InitiaI Replicate 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
• 56mm. • 57 mm • 
1.19 1.20 
1.74 1.73 
2.36 2.42 
3.01 3.06 
3.59 3.67 
4.11 4.27 
4.73 4.88 
5.24 5.53 
5.77 6.07 
TABLE X 
DEFLECTION: .016 INCH GREEN "ELGILOY" OVDl-HEAT 
TREATED 12 MILLIMETERS CONSTANT LENGTH 
D e f 1 e c t ion 
Average 
.56 mm. • 
1.19 
1.73 
2.39 
3.04 
3.63 
4.19 
4.81 
5.39 
5.92 
Force in Grams InitW Replicate Average 
20 • 67 nun. .59 mm. • .63 mm. 
40 1.34 1.23 1.28 
60 2.02 1.82 1.92 
80 2.76 2.59 2.68 
100 3.44 3.27 3.36 
120 4.12 3.91 4.01 
140 4.77 4.65 4.71 
160 5.44 5.36 5.40 
180 6.06 5.97 6.02 
200 6.68 6.55 6.61 
Force 
TABl.E XI 
DEFLECTION: .016 INCH YELIJOW ttELG !LOY" OW -HEAT 
TREATED 12 MIU.,nmmS CONSTA..'lT LENGtH 
D e f 1 e c t ion 
36 
in Grams Inn iii Replicate Average 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
• 69 mm. .TImm • 
1.36 1.40 
2.07 2.13 
2.81 2.81 
3.45 3.53 
4.28 4.24 
4.87 4.89 
5.61 5.59 
6.25 6.35 
7.03 7.07 
TABLE XII 
DEFLECTION: .016 INCH BLUE "ELGILOY" OVEN-HEAT 
TREATED 12 MILLDfETERS CONSTANT LENGTH 
.70 mm. 
1.38 
2.10 
2.81 
3.49 
4.26 
4.88 
5.60 
6.30 
7.05 
Force in Grams D e fIe c t ion Initiir Replicate Average 
20 .56 .57 .56 
40 1.10 1.10 1.10 
60 1.65 1.70 1.67 
80 2.33 2.39 2.34 
100 2.95 3.03 3.01 
120 3.79 3.97 3.88 
140 4.82 4.90 4.86 
160 5.78 5.90 5.84 
180 6.63 6.81 6.72 
200 7.40 7.80 7.60 
i 
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.016 INCH "ELGILOY" 
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nGURE 10 
6 7 
LOAD VERSUS DEJ'LECTION CURVES FOlt .016 INCH "ELGILOY" ovm HEA.T TREATED 
, 
DEFl.ECTION: .016 INCH 'RED "ELGILOY" RESISTft.NC'F HEAT 
'!'.REATED 12 Y:n.I.IMETERS CONSTANT LFNG1H 
D e f 1 e c t ion 
Force in Grams Iliitiai Replicate Aver~ge 
20 .55 .55 .55 
40 1.09 1.09 1.09 
60 1.55 1.58 1.56 
60 2.04 2.11 2.08 
100 2.55 2.64 2.60 
120 3.05 3.12 3.08 
140 3.56 3.68 3.62 
160 4.03 4.14 4.09 
180 4.51 4.62 4.57 
200 4.96 5.10 5.03 
TABLE XIV 
DEFLECTION: .016 INCH GREIlN "ELGILOY" RESISTANCE HEAT 
TREATED 12 MIU,IMETERS CONSTANT IJi}l{;'l'l1 
Force in Grams Initial 
D e f 1 e c t ion 
Replicate Average 
20 .58 .62 .60 
40 1.11 1.17 1.14 
60 1.63 1.73 1.68 
80 2.18 2.28 2.23 
100 ~.68 2.86 2.77 
120 3.18 3.37 3.27 
140 3.70 3.93 3.82 
160 4.25 4.46 4.36 
180 4.78 5.04 4.91 
200 5.31 5.54 5.42 
38 
II 
I 
TABLE XV 
DEFLECTION: .016 INCH YELLOW "El.GILOY" RESISTANCE HEAT 
TREATED 12 MILLIMETERS CONSTANT LENGTH 
Force in Grams D e f 1 e c t ion Initial Replicate Average 
39 
20 .61 mm. • 63 mm. .62 mm • 
40 1.13 1.14 1.13 
60 1.70 1.73 1.71 
80 2.24 2.35 2.30 
100 2.87 2.99 2.93 
120 3.35 3.56 3.45 
140 3.94 4.20 4.07 
160 4.52 4.84 4.68 
180 5.09 5.44 5.27 
200 5.64 6.05 5.84 
TABLE XVI 
DEFLECTION: .016 INCH BLUE "ELGILOY" RESISTANCE HEAT 
TREATED 12 MILLIMETERS CONSTANT LENGlH 
Force in Grams D e f 1 e c t ion Initial RepliCate Average 
20 • 48 mm. • 49 111m • .48 mm • 
40 .96 .97 .96 
60 1.48 1.46 1.47 
80 1.94 1.96 1.95 
100 2.49 2.49 2.49 
120 3.16 3.11 3.13 
140 3.95 3.91 3.93 
160 4.80 4.78 4.79 
180 5.65 5.71 5.68 
200 6.32 6.40 6.36 
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41 
Table XVII contains data relative to the percentage of deformation 
of the "ElgUoy" wires under conditions of non.heat treatment, unit heat 
treatment, and oven heat treatment. Another graph (Fig. 12) compares the 
effect of the two treatments to the non .. heat treated wires. 
Table XVIII gives the spring rates for "Elgiloy" wire under the 
three conditions. 
Table XIX contains an analysis of the variance of the main effects: 
force, treatment, and composition, with their interactions, for .016 inch 
"ElgUoy" wire. 
Figures 13 and 14 illustrate the two-factor interactions. 
Tables XX and XXI represent deflections for the Rocky Mountain and 
Unitek .016 inch diameter non-heat treated wires. 
Tables XXII and XXIII represent readings taken for deflections of 
Rocky Mountain and Unitek stainless steel wires that W~Te SUbjected to an 
oven heat of 8500 F. for ~ minutes. Table XXIV shows deformations for 
Rocky Mountain and Unitek wires for both non-heat treated and oven heat 
treated conditions. A graph (Fig. 15) shows the effect of the heat treat-
ment in comparison to the non-heat treated state. The spring rate under 
the two conditions is shown 5ri Table XXV. Table llVI is the analysis of 
variance pertaining to the straight stainless steel wires. Figure 16 is 
the graph of stainless steel composition times treatment interaction. 
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TAllLE XVII 
ELASTICITI OF .016 INCH flELGILOr tHRE AT 200 Gl\AUS FORCE 
AND 12 MILLIMETERS CON'S'fANT UNG'l'iI 
Type of 
Wire 
RED 
GREEN 
YELLOW 
BWE 
Type of 
Wire 
RED 
GREEN 
YELLOW 
BWE 
Not 
Treated 
7.05 
7.30 
7.49 
8.04 
Not 
Treated 
21.80 
26.40 
31.00 
41.40 
Average Total 
Deflection 
Oven Resist Not 
Treated Treated Treated 
5.92 5.03 5.53 
6.61 5.42 5.38 
7.05 5.84 5.16 
6.36 4.71 4.70 
Per Cent of 
Deformation 
----_. 
Oven Resist Not 
Treated Treated Treated 
16.00 3.70 78.20 
20.70 14.20 73.60 
29.00 28.80 69.00 
38.00 35.50 58.60 
Average Total 
Return 
Oven Resist 
Treated Treated 
4.90 4.85 
5.24 4.65 
5.00 4.16 
4.70 4.10 
Per Cent of 
Elasticity 
Oven Resist 
Treated Treated 
84.00 96.30 
79.30 85.80 
71.00 71.20 
62.00 64.50 
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FIGURE 12 
SPRING RADS lOR. .016 INCH "ELGlL()t1t AlTER BEAT TlEATMINTS 
Type of Wire 
RED 
GREEN 
YELLOW 
BLUE 
-
-
V.S. 
Force 
Treatments 
Composition 
C x T 
TxF 
C x F 
CxFxT 
Replicates 
TOTALS 
TABLE IVIII 
.016 INCH "ELGILOY" SPRING RATES 
(GRAMS/MILLIMETER) 
Non.Heat Oven-Heat 
Treated Treated 
26.57 33.28 
26.07 30.05 
24.07 28.06 
24.42 28.03 
TABLE XIX 
ANALYSIS OF VARIANCE OF DEFLECTION 
.016 INCH "ELGILOY" 
5.5. D.F. M.S. F. 
4.7754 1 4.7754 1070.117647 
1.8778 2 .9389 210.397759 
.1965 3 .0655 14.677881 
.1300 6 .0217 4.862745 
.1335 2 .0667 14.946778 
.0066 3 .0022 .492997 
.0093 6 .00155 .347338 
.1071 24 .0044625 
----
7.2362 47 
44 
Resistance 
Treated 
38.50 
36.10 
34.30 
33.70 
RESULT 
5*** 
5*** 
5*** 
5** 
5*** 
NS 
NS 
---
The asterisks correspond to the level of significance as follows: 
* to 5%; ** to 1%; *** to O.l~. 
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FIG1JU 13 
COMPOSITION TIMES TUl'ltfDT DlTIRJ.CTION FOR .016 "ELGlLOY" 
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, ' I 
.016 INCH "ELGILOY" 
TREAT}mNT x FORCE INTERACTION 
NHT OVEN T. RESIS. T. 
TREATMENTS 
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FIGURE 14 
TREATMENT TIMES FORCE lNTERACTI~ FOR .016 'lLGILOY" 
---_ ..... 
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TABLE Ll 
DEFLECTION: .016 INCH ROCKY MOUNTAlN STAINLESS STEEL 
NON-HEAT TREATED 12 MILLD.fETERS CONSTANT 
47 
Force in Grams D e f 1 e c t ion InItial . RepITcate Average 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
_ ... ----
• 55 rom. .58 mIn • 
1.09 1.11 
1.61 1.66 
2.24 2.21 
2.81 2.92 
3.45 3.55 
3.98 4.07 
4.42 4.63 
5.01 5.11 
5.52 5.53 
TABLE nr 
DEFLECTION: .016 INCH UNITE!{ STAlNLESS STEEL 
NON.HEAT TREATED 12 KILLDfETERS CONSTANT 
.56 mm. 
1.12 
1.63 
2.23 
2.87 
3.50 
4.03 
4.53 
5.06 
5.52 
Force in Grams Deflection !nItIai ReplIcate Average 
--
20 .67 mnt. .63 nun. .65 rom. 
40 1.28 1.27 1.27 
60 1.88 1.95 1.91 
80 2.49 2.64 2.57 
100 3.03 3.29 3.16 
120 3.56 3.86 3.71 
140 4.06 4.37 4.22 
160 4.51 4.87 4.69 
180 4.89 5.22 5.06 
<'*)/",\,,,", 5.40 5.80 5.60 ...... "- ~ r 
, 
.1 
DEFLECTION: 
TABI.E XXII 
.016 INCH ROCKY ~{OUNTAIN OVEN-HEAT TREATED 
(8500 F. FOR a! MINUTES) 
D a f 1 e c t ion 
Force in Grams Iii lila! Rep!Icate Average 
--
Force 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
.59 .59 
1.20 1.16 
1.80 1.76 
2.55 2.35 
3.39 2.89 
4.05 3.49 
4.64 4.01 
5.26 4.56 
5.74 4.99 
6.18 5.45 
TABLE XXIII 
DEFLECTION: .016 INCa UNlTEK ovm ... HEA T TREATED 
(8500 F'. }<'OR a! MINOTES) 
D e f 1 e c t ion 
.59 
1.18 
1.78 
2.45 
3.14 
3.77 
4.33 
4.91 
5.37 
5.76 
in Grams InItIiil I\.ep1Icate Average 
20 .68 .70 .69 
40 1.42 1.38 1.40 
60 2.09 2.15 2:.12 
80 2.68 2.78 2.73 
100 3.56 3.57 3.55 
120 4.14 4.16 4.15 
140 4.82 4.78 4.80 
160 5.65 5.65 5.05 
180 6.22 6.30 6.26 
200 6.73 5.67 6.70 
48 
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TABLE un 
ELASTICITY OF .016 INCH ROCKY' MOUNTAIN ANI) UNITE..f( S'l'AINLESS STEEL 
AT 200 GRAMS FORCE AND 12 MILLDfETERS CONSTANT LFNGTH 
'IyPe of 
Wire 
ROCKY MT. 
UNITE!( 
Type of 
Wire 
ROCKY MT. 
UNITEK 
A v era geT 0 tal D and R 
Deflection 
Not Treated OVen Treated 
5.52 
5.60 
Per Cent of 
Deformation 
-_ .._-----
5.76 
6.70 
Not Treated Oven Treated 
16,00 7.50 
4.00 1.20 
Return 
Not Treated OVen l~eated 
4.64 5.32 
5.37 6.63 
Per Cent of 
Elastici!Y ____ ____ 
Not Treated Oven Treated 
84.00 92.50 
96.00 98.80 
II 
'r 
1 2 
LOAD-DEFLECTION CURVES 
.016 INCH STAINLESS STEELS: 
Rocky Mt. non-heat tr. -----
Rocky Mt. oven heat tr.----
Unitek non-heat tr. ______ __ 
nUnitek oven heat tr. • •••••••••• 
4 5 6 7 
Deflection in Millimeters 
FIGURB 15 
LOAD VERSUS DEFLECTION ClJRVIS FOR .016 INCH ROCKY MOUNTAIN AND UNITBJ{ 
STAINLESS STEIL, HEAT TREATED AND NON...HEAT T.lEA.TED 
, 
TABLE XXV 
.016 INCH ROCKY MOUNTAIN AND UNITEK SPRING RATES 
(GRAMS/MILLIMETER) 
51 
Type of Wtre Non.Heat Treated OVen ... lIeat Treated 
ROCKY MT. 35.03 32.24 
UNITEK 31.77 28.98 
TABLE XXVI 
ANALYSIS OF VARIANCE OF DEFLECTION 
.016 INCH STAINLESS STEEL BEAMS 
-
-
V.S. S.S. n.r. M.S. F. 
--
Force 1.334025 1 1.334025 590.9000 
Treatment .002025 1 .002025 .9000 
Composition .034225 1 .034255 15.2111 
C x T .070259 1 .070259 31.2262 
'lxF .000225 1 .000225 .1000 
C x F .000625 1 .000625 .2777 
CxFxT .007191 1 .007191 3.1960 
Replicates .018000 8 .002250 ---
TOTALS 1.466575 15 
The asterisks correspond to the level of significance as follows: 
* to 5.%; ** to 1%; *** to 0.1%. 
RESULT 
S*** 
NS 
5*** 
S*H 
NS 
NS 
NS 
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FIGUIE 16 
COMPOSITION TIMES 'l'REl'l'MDlT DlTERACTI<IJ FOR .016 ROCKY 
KOUNTAlN AND UNlTEK STAINLESS STEELS 
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Tables XXVII and XXVIII give data for looped Rocky Mountain and 
Unitek stainless steel beams which were not heat treated. 
Tables XXIX and XIX give data for looped Rocky Mountain and Unitek 
o 
stainless steel bemns SUbjected to an oven heat treating of 850 F. for 
at minutes. 
A graph (Fig. 17) shows load-deflection curves for bot~ looped stain. 
less under the two conditions. 
Table XIXI denotes the spring rates for looped stainless steels, and 
Table XXXII denotes the values of elasticity for this type of wire both 
non-heat treated and oven treated. 
Table XXXIII is the analysis of variance pertaining to the looped 
stainless steel wires. The graph of the two-factor interaction is i11us~ 
trated in Figure 18. 
Table XXXIV gives the calculated mo~Jlus of elasticity for "E1gilot' 
and stainless steel wires as derived from the data tables for the non-heat 
treated, oven heat treated, and resistance heat treated wires. 
LJ!))GTH 
Table XXXV gives data pertinent to the effect of length on wire 
deflections. The first column gives the length of the wire. The second 
and third columns are the initial81d replicate :':'eadings. The fourth 
column is the average of these values. 
I 
,I 
TABUi~ XXVII 
DEFI.F£TION: .016 INCH ROCKY }!OUNTAlN 
NON-HEA T TREATED LOOPED BEAMS 
=-======================.=====.=.=====.=======:~--==-==-================== 
Force in Grams 
20 
40 
60 
80 
100 
Force in Grams 
20 
40 
60 
80 
100 
mItial 
1.22 
2.43 
3.65 
4.72 
5.76 
D e fIe c t ion 
ReplIcate 
1.21 
2.43 
3.95 
5.09 
5.92 
'tABLE XXVIII 
DEFLECTION: .016 mcn UNITEK 
NON-HEAT TREATED LOOPED BEAMS 
InitW 
1.17 
2.27 
3.45 
4.49 
5.32 
D e f 1 e c t ion 
Replicate 
. 
1.30 
2.65 
3.83 
4.77 
5.44 
Ayerage 
1.21 
2.43 
3.80 
4.70 
5.84 
Average 
1.23 
2.46 
3.64 
4.64 
5.38 
---
Force in Grams 
20 
40 
60 
80 
100 
Force in Grams 
20 
40 
60 
80 
100 
TABLE nIX 
DEFLECTION: .016 INCH ROCKY MOUNTAIN 
OVDJ-HEA T TREATED LOOPED BEAMS 
D e f 1 e c t ion 
tnitia1 Replicate 
1.45 1.47 
2.89 2.95 
4.30 4.34 
5.79 5.81 
7.05 7.15 
TABLE XXX 
DEFLECTION: .016 INCH UNITEK 
O~-HEAT TREATED LOOPED BEAMS 
D e f 1 e c t ion 
rn it ial Replicate 
1.25 1.29 
2.60 2.75 
3.73 3.94 
4.64 4.83 
5.38 5.61 
55 
Average 
1.46 
2.92 
4.32 
5.80 
7.10 
Average 
1.27 
2.67 
3.83 
4.74 
5.59 
56 
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TABLE XXXI 
.016 INCH STAINLESS STEEL LOOPED BEAMS SPRWG RATES 
(GRAMS/MILLIMETER) 
T:'.lIPe of Wire 
ROCKY MT. 
UNITEK 
Non-Heat Treated 
16.78 
17.54 
tABLE .unI 
Oven-Heat Treated 
13.92 
16.85 
ELASTICITY OF .016 INCII STAINLESS STEEL wmE AT 200 GRAMS FORCE 
AND 12 MILLDfETERS CONSTANT LlllJGTH LOOPED BEAMS 
Type of 
Wire 
ROCKY Ml'. 
UNITEK 
Type of 
Wire 
ROCKY MT. 
UNITEK 
Average Total 
Deflection 
Not Treated Oven Treated 
5.84 
5.38 
Per Cent of 
Deforma tion 
7.10 
5.59 
Average Total 
Return 
Not Treated Oven Treated 
5.62 
4.90 
Per Cent of 
Elasticity 
6.96 
5.30 
---------------------------------~---------------------Not Treated Oven Treated Not Treated Oven Treated 
4.45 2.00 95.55 98.00 
8.90 5.00 91.10 95.00 
TA)lLE X.t.'UII 
ANAT ... YSIS OF VARUNCE Of m:Fr .. ECrIOlJ 
.016 INCH 5'1'.4. INL1.?5S ST~:J. LOOPEl) BEAMS 
_ ...... _-----
... _-,._..-...._-....,~ ........ , ' ... -.-... --, .. --".-~----_ .... _,"'----'" 
V .5. S.S. D.F. M.S. F. 
-, . 
Force 3.970056 L 3.970056 130.9483 
Treatment .021756 1 .021756 .7069 
Composition .017556 1 .017556 .6088 
C. x T. .068951 1 .068907 2.4090 
T. x F. .310807 1 .310807 10.0562 
C. x F. .120757 1 .120757 4.0568 
C. x F. x T. .288905 1 .288905 10.0841 
Replicates .226950 8 .028268 
---
TOTALS 5.025694 15 
The asterisks correspond to the level of significance as follows: 
... to 5%; ** to 1%; *** to 0.1%. 
58 
--
RESULT 
S*** 
NS 
NS 
NS 
5* 
NS 
S* 
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ROCKY MT. - UNITEK LOOPED BEAMS 
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rIGURE 18 
'lUATHl!NT TIMES FORCE DlTERACTICIl rOR .016 INCH ROCKY MOUNTAIN AND 
l1NlTEK STAINLESS STEEL LOOPED BEAKS 
60 
TABLE XXXIV 
MODULUS OF ELASTICITY .016 ThCE "ELGILOY", ROCKY MOUNTAIN, 
AND UNITEK AT 12 MILLDIETERS AND 160 GRAMS 
- . .-
. __ .... ----.-
Non-Heat Oven-Heat Resistance-Heat 
Type of 'Wire Treated Treated Treated 
....... ----_. 
"ElgUoy" Red 16,400,000 20,250,000 23,900,000 
" Green 16,000,000 lS,SOO,OOO 22,200,000 
" 
Yellow 15,900,000 17,450,000 20,800,000 
tt Blue 14,400,000 16,560,000 20,450,000 
. __ .. 
--_ . 
Rocky }{oun tain 21,200,000 19,400,000 
Unitek 19,300,000 17,100,000 
TABLE XXXV 
DEFLECTION: .016 INCH GREEN "ELGILOY" NON .. HEAT 'l'l\.EATED 
FORCE CONSTANT AT 20 GRAMS 
D e f 1 e c t ion Millimeters Replicate Initial Average 
6 
12 
18 
24 
30 
• 08 mm. 
.65 
1.92 
4.65 
12.00 
.10 mm • 
.65 
1.90 
4.55 
12.25 
.09 mm. 
.65 
1.91 
4.60 
12.12 
61 
-------------------------------------------------------------
Millimeters 
6 
12 
18 
24 
30 
TABLE XXXVI 
EFFECT OF Ll!NG'lH .016 INCH GREDl 'tELGILOY" 
NON-HEAT TREATED FORCE CONSTANT AT 20 GRAMS 
D e f 1 e c t ion 
Actual Theoretical 
.085 .075 
.650 .600 
1.910 2.025 
4.600 4.800 
9.030 9.380 
Per Cent 
Difference of 
(A - T) Difference 
-t. 01O +13.33 
T.050 + 8.33 
-.115 - 5.68 
-.200 
- 4.17 
-.350 - 3.74 
A. - T • 100 
--r 
62 
A graph (Fig. 19) shows the relationship of the various lengths used. 
Table nIVI gives the differences between the actual and theoretical 
deflections in per cent of the theoretical. 
DIAMETER. 
Table XXXVII gives data for deflections of .020 inch green "Elgi1oy" 
wire. The first column is the force applied; the second and third columns 
are the readings for the deflections of the initial and replicate wires. 
The fourth column is the average of the replicate and initial readings. 
Table nxvIII compares the .020 inch wire deflections with those of 
the "E1giloy" wire. 
A graph (Fig. 20) shows the relationship between the .016 and .020 
inch wires. 
CROSS SECTION GEOMETRY 
Tables XXXIX and XL contain data to show deflections for the two axes 
of the .016 x .022 inch blue i'Elgiloy" rectangular wire tested. The first 
column gives the force applied. The second and third columns indicate the 
corresponding deflection readings for the initial and replicate wires. 
The last column gives the average of the initial and replicate readings. 
A graph (Fig. 21) shows the relationship of the two sides of the 
wire to each other. 
Table XLI denotes the differences between the actual and the 
theoretical deflections for the .016 x .022 inch wire. 
I · 
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LOAD-DEFLECTION CURVE 
.016 INCH GREEN NHT "ELGILOY" 
20 GRAMS CONSTANT FORCE 
6 8 10 
Defleotion of Wire in M111.1meters 
.-,,-.:- -------:-~- ---- ---------'"-----------------..; 
FIGURE 19 
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TABLI XIXfII 
DEFLECTION •• 020 INCH GUDl "ELGlLOY" 
NCIl-BEAt TlEATED 
'orce in Gr ... D e f 1 e c t ion !iiltli1 Re.P1iCate. 
Fore. 
in 
Gr •• 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 
... 
20 • 90 _. .29 _ • 
40 . " .61 .62 
60 .93 .99 
80 1.91 1.29 
100 1.65 1.79 
120 1.99 2.08 
140 2.90 2.24 
160 2.66 2.80 
180 3.06 3.22 
200 3.46 3.63 
!ABLE DIVIII 
DEFLECTION CCllPARISONS .020 and .016 INCH DIAHEDR 
GUDl "ELGILOYW N(Jl-HEAT tUATID 
D e fl. c t i 0 D 
Actual theoretical 
.020 hch • 016 Inch .Increa .. Incre ••• 
.295 .750 .8933 .4096 
.615 1.415 .4346 .4096 
.960 2.250 .4266 .4096 
1.305 3.065 .4257 .4096 
1.695 3.860 .4891 .4096 
2.035 4.655 .4371 .4096 
2.272 5.430 .4184 .4096 
2.735 6.160 .4489 .4096 
3.145 6.815 .4614 .4096 
3.540 7.800 .4849 .4096 
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ITerag • 
.29 B • 
.61 
.96 
1.90 
1.69 
2.03 
2.27 
2."T8 
3.14 
3.54 
Difference 
Per Cent 
.1.63 
+2.60 
+1.20 
-t1.61 
+2.95 
-t2.75 
+ .88 
+8.43 
+5.18 
-+-7.53 
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LOAD-DEFLECTION CURVES 
.016 vs •• 020 GREEN NHT "ELGILOYfi 
i 2 . , 4 5 6 7' 
Deflection in Millimeters 
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lIGUlE 20 
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TABLE XXXIX 
DEFLECTION: .016 x .022 INCH BLUE "ELGILOY" NON-HEAT TREATED 
.016 INCH SIDE 
Deflection 
Force in Grams Initial Replicate Average 
25 .39 mm. .40 mm. .40 mm. 
50 .80 .84 .82 
75 1.20 1.17 1.19 
100 1.66 1.64 1.65 
125 1.98 2.01 2.00 
150 2.36 2.41 2.38 
175 2.90 2.91 2.90 
200 3.40 3.34 3.37 
TABLEIL 
DEFLECTION : .016 x .022 INCH BWE ItELGILOY" NON..HEAT TREATED 
.022 INCH SIDE 
D e f 1 e c t ion 
Force in Grams Initial Replicate Average 
25 .28 mm. .26 mm. .27 mm. 
50 .53 .55 .54 
75 .77 .75 .76 
100 1.03 1.06 1.05 
125 1.29 1.31 1.30 
150 1.55 1.58 1.56 
175 1.84 1.86 1.85 
200 2.12 2.17 2.14 
I 
I 
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: 
,I 
.. 
. 
Force 
in 
Grams 
25 
50 
75 
100 
125 
150 
175 
200 
TABLE ILl 
DEFLECTION COMPARISONS .016 x .022 INCH DIAMETER 
BWE tt~'LGILOY" NON-HEAT TREATED 
D e f 1 e c t ion 
.Actual Theoretical 
.022 Inch .016 Inch Increase Increase 
.275 .400 .6875 .5289 
.540 .820 .6585 .5289 
.765 1.190 .6428 .5289 
1.050 1.655 .6344 .5289 
1.305 2.000 .6525 .5289 
1.565 2.385 .6561 .5289 
1.850 2.905 .6368 .5289 
2.145 3.370 .6364 .5289 
\38 
Per Cent of 
Difference 
+ 15.84 
12.96 
11.39 
10.55 
12.36 
12.36 
10.79 
10.75 
I I 
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CHAPTER V 
DISCUSSION 
The purpose of this study was to examine and compare some of the hasic 
mechanical properties of certain wires used currently in clinical ortho-
dontics. An attempt was also made to verify cet"tain beam formulas. 
Certainly, it was not the purpose of this research to try to resolve 
all the questions relevant to these areas of study. However, it was felt 
that an objectively planned and executed work could serve as a useful 
foundation for future ,'esearch in theoretical and practical mechanics so 
essential to orthodontics. 
Since the cobalt.chromium alloy is distributed in four varieties, it 
was logical that only a study and comparison involving all four could be 
meaningful. The other major alloy, chromium-nickel, was studied and com-
pared in a like manner using two of its varieties. 
The effect of two types of heat treating W8.S evaluated in each of the 
four varieties of cabal t-ehromium wire. The effect of a heat treatment 
also was evaluated using the two varieties of chromium.nickel wire. 
THEORY OF BENDING 
In orthodontics the fixation of a contoured arch wire into the brackets 
of bands similates pure bending. The wire consists of molecules between 
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which forces are acting. These moleculru' forces resist the change in the 
form of the wire uhich external forces tend to produ.ce. If such external 
forces are applied to the wire, its particles are displaced and the mutual 
displacements continue until an equilib:dum is established between external 
and internal forces. This body is now in a state of deformation or strain. 
If these external forces do not exceed the elastic lim! t of the wire, the 
potential energy of strain may be recovered almost completely in the form 
of external work. 
The ability of a wire to return to its original form after removal of 
the stress is called elasticity. If a body is perfectly elastic, it will 
recover its initial shape completely after the external forces are removed. 
It is partially elastic if the deformation produced by the external forces 
does not disappear completely after unbending. 
Experiments show that such structural materials as stone, wood, and 
steel may be considered as perfectly elastic within certain limits. Thus, 
the orthodontist must use the properties of the appliance so as to approach 
the condition of a perfectly elastic body. Only under these conditions 
will there be recovery of useful work, with no permanent deformation. 
Timoshenko's Elements ~ Strength £! Materials (1939) was the source 
of the formulas and derivations used in this study. 
In tensile testing, all the fibers of a material have the same 
elongation, and the distribution of forces over the cross soction will be 
unifor?11. 'ralting into account that the sunl of these forces, from the 
condi tion of equilibrium, must be equal to F, and denoting force per unit 
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area of cr.oss-sectional area hy s, 'tf'" o~ta.in: 
where A = cross.sectional area of wire. This force per unit area is called 
stress, or unit stress. Force will be measured in pounds and the area in 
sq.uar~ inches so that the stress will b(; measured in pounds per square 
inch. The elongation of the ld.re pqr Wlit length, £i, called the unit 
elongation or tensile strain is determined by the equation: 
e = ..L 
1 
where 1 = length of the wire and tJ' D total clongs tion of the wire. If 
wires of different materials and of different lengths and cross-sectional 
at"eas are experimented with, it will be found that the elongation of the 
wire will be proportional to tellsile force and to t.he length of the wire; 
and inversely proportional to the cross~8ectional area. Expressed algebraw 
ieally: 
I E x tf= 
F.L _ 
A -
F.L 
A,E (3) 
where E is a const?~t for any fiven material and is called the modulus of 
elasticity. 
By substituting equation (1) and (2) into (3), we get: 
s = E • e (4) 
Expressed in words, equation (4) means that stress is proportional to 
strain. The term E is thus seen to be a factor of proportionality between 
stress and strain, and it may be directly defined by: 
, i 
i I 
,I 
I" 
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S Stress 
E = e • StraIn ( 5) 
When a wire is sUbjected to pure bending, internal stresses are set 
up_ In order to determine the magnitudes of these stresses, it is necessary 
to know the bending moment. Consider a wire where the middle is in pure 
bending, that is, free from shearing force (Fig. 22). 
If such a wire is cut in two at some cross section as point mn, the 
two portions may be rejoined by theoretically inserting a link at the 
bottom and a roller at the top as shown in Figure 23. 
The link evidently is in tension and ihe roller in compression so that 
the force action of the right portion of the left part is equivalent to 
the following force system (Fig. 24). 
The tensile force T is equal to the compression force C because no 
other forces act on this section; consequently, the forces C and T form a 
couple whose moment is called the resisting moment. This internal 
resisting moment is in equilibrium with the moment of the external forces 
taken with respect to the cross section mn. This external moment is called 
the bending moment. 
To find the distribution of these internal forces over the cross 
section, the deformation of the wire must be considered. If the wire is 
of rectangular cross section and two adjacent vertical lines mn and pp are 
drawn on its sides, direct experiment shows that these lines remain 
straight during bending and rotate so as to remain perpendicular to the 
longitudinal fibers of the wire (Fig. 25). The following theory of bending 
,I 
! 
I, 
I 
i· 
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i 
I 
I 
I 
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WIRE IN PURE B»lnING 
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FIGURE 23 
DIAGRAM OF INTERNAL BF>lDlNG STRESSES 
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DEFORMATION LINES IN BENDING 
76 
I 
~I 
___ i 
X I 
! 
I 
I 
I 
Ii 
'I 
I 
I 
77 
is based on the assumption that not only such lines as mn remain straight, 
but that (l) the entire transverse section o£ the wire, originally plane, 
remains plane and normal to the longitudinal £ibers o£ the wire a£ter 
bending. Other assumptions are (2) that the material is homogeneous and 
obeys Hooke's law, (3) that every longitudinal £iber acts as if separate 
£rom every other £iber, i. e., there are no lateral pressures nor shearing 
stresses between the fibers, (4) that the wire is straight and of uniform 
cross section, and (5) that the moduli of elasticit,y in tension and com. 
pression are equal. 
From the first assumption it follows that during bending the cross 
sections mn and pp rotate with respect to each other about axis perpendicu-
lar to the plane of bending, so that the longitudinal fibers on the convex 
side undergo extension and those on the concave side compression. The line 
nq is the line of the surface in which the fibers do not undergo strain 
during bending. This surface is called the neutral surface and its 
intersection with any cross section is called the neutral axis. 
The elongation, st, o£ any fiber, at distance y below the neutral 
&ur£ace, is obtained by drawing the line qs parallel to mn. Denoting by 
..,P the radiws of curvature o£ibe deflected axes o£ the bar and using the 
similarity o£ the triangles nOq and tqs, the unit elongation of the 
£iber rs is: 
e = 
at .9! y 
nq • no =); ( 6) 
Thus it can be seen that the strain o£ the longitudinal fibers are 
proportional to the distance y from the neutral surface and inversely 
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proportional to the radius of curvature. 
From the strains of the longitudinal fibers, the corresponding 
stresses follow from Hooke's law, S • Ee CEq. 4), and 
Ey 
s : ;ti' (7) 
The stress in any fiber is proportional to its distance from the 
neutral axis nq. The position of the neutral axis and the radius of 
curvature can be determined from the condition that the forces distributed 
over any cross section of the wire must give rise to a resisting couple 
which balance the external couple M. 
Let dA denote the elementary area of a cross section y distance from 
the neutral axis (Fig. 26). The force action on this elemental area is 
the product of the stress and its area dA, that is: 
Summarizing such moments over the cross section and putting the 
resultant equal to the moment M of the external forces, the following 
equation for determining the radius of curvature is obtained. 
I{: fJ y2dA =~ or) = n (9) 
in which I = J y2cA is the moment of inertia of the cross section. 
It is seen that the curvature ! varies directly as the bending 
--"" 
moment and inversely as the quantity El, which is called the flexural 
rigidity of the wire. Elimination of ~ from equation (9) gives the 
following equation for the stresses: 
I 
, I 
y 
--x 
FIGURE 26 
CROSS. SECTIONAL AREA OF RECTANGULAR WIRE 
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s = " 
(10) 
The maximum tensile and compressive stresses occur in the outermost 
fibers and these maximum stresses are given by the formula obtained from 
equation (10): 
_ Mc 
- I (11) Smax 
where c is the distance in inches to the outside fiber being investigated. 
Thus, s is the stress parallel to the longitudinal axis of the beam; ~f is 
the bending moment in inch x pounds; and I is the moment of inertia of the 
cross sectional area about the neutral axis expressed in inch4 units. The 
quantity .! is called the section modulus. Formula (11) may be expressed 
c 
as: 
~ - bending moment (12) ~ - section modUlus 
In the case of a rectangular cross section: 
3 
I: ~ (13) 
For a circular cross section of diameter d: 
(14) 
For a given size of wire and a specified load, the deflection is 
proportional to the cube of the distance from the area of support to the 
point of force application. 
However, the deflection bears a reverse relationship to the flexural 
rigidity, i.e., 
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HEA T TREA l'HEN T 
The presence of three variables for the chromiwn-coba1 t alloy studied 
created a system of data readily amenable to an analysis of variance 
(Table XIX). These variables were composition, treatment, and force. The 
compositions were, of course, the four varieties of chromium-cobalt alloy. 
The treatments were the oven heat treatments of 8500 F. for * minutes, 
the Rocky Mountain Unit 500 resistance heat treatment, and the non-heat 
treated state to serve as the control group. For the analysis of variance 
table, the deflection readings from 40 and 60 grams of force were used for 
the main effect of force. 'this was done because at 200 grams of force, 
permanent deformation had been induced into the wires. 
From the formula (Eq. 11) for external fiber stresses: 
s = 
Me 
T 
it is seen that for red non .. heat treated "Elgiloytt wire at 200 grams of 
force and 12 millimeters constant length, this bending stress would be 
produced: 
s : .441 Lbs. x .472 inches x .016 inches 
.3217 x 10-8 inch4 x 2 
-
- 518,000 p.s.i. 
At 40 and 60 grams the stresses would be 138,000 p.s.i. and 92,100 
p.s.i. These last two are considered deformation free stresses. 
It is evident from the F values that there is a highly significant 
difference in wire stressing due to force, composition, and treatments. 
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There is a significance in the composition x treatments, and force x treat-
ment interactions. These are shown in Figures 13 and 14. 
Batson (1956) describes an interaction as the failure of the differ-
ences between materials tested to be exactly proportional from experiment 
to experiment. 
All sources of variation were complete populations. The mean square 
due to replications, with 24 degrees of freedom, is the error variance. 
the square root of this is .0668 mi1limet:ers which is the standard error 
of the replicating process. The 99 per cent confidence limits are 
+ 2.8 .0668. ! 12 per cent of the average. 
The load versus deflection curves for non-heat treated "E1giloy" 
wires (Fig.9) shows that green, yellow, and blue wires start out with less 
deflection than red for a given force magnitude. Blue then quickly lowers 
in spring rate, followed by yellow, and then green, leaving red as the 
stiffest wire. 
It will be seen from Table XVII that both heat treatments increase 
the elasticity of "E1giloy" wires. The effect is seen more dramatically 
in the resistance heat treatment than in the oven heat treatment. Red, 
green, yellow, and blue maintain their positions to each other thru the 
treatments, but not in definite proportions. Elasticity of oven treated 
wires increased 6 to 13 per cent from blue to red over non-heat treated 
wires. There is a 10 to 23 per cent increase in elasticity of blue to red 
from non-heat treated to the resistance heat treated state. However, red 
alone loses its ductility. 
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The graphs (Figs. 10 and 11) for the "Elgiloy" oven and resistance 
heat treatments show red, green and yellow in relatively straight stress-
strain curves, however, blue in ooth cases starts with lower deflections 
(higher spring rate) and then tapers off as in the case of the non-heut 
treated wires. 
Another measure of wire performance, spring ra·taa, is shown in 
Table XVIII. Each wirc:t rate was detennil.ed by 8UlGl11ing all products of 
force x distance of def1t~ction, divided b;{ the sum of all squares of the 
deflections. Again the red, green, yelloW', and blue wires maintain a set 
relationship to each other, in that red is the stiffest, green is next, 
follo~ed by yellow and blue. 
The red "Elgiloyl( wire increases in sprillg rate 25 and 46 per cent 
for oven heat treatment and resistance heat treatment respectively over 
the non .. heat treated conditi:m. Crean "E'1gilo;,{" spring rates increased 
16 and 42 per cent under treatment; yellow increased l7and 40 per cent; 
and blue increased 15 and 38 per cent. Zabinski (1963) thinks this 
increase in mechanical properties of "Elgiloy" is possibly due to a greater 
intermolecular attraction caused by thc~ precip:i.tation of a component of 
the alloy. Figure 12 shows th(~ effect of hoth heat treatments on "ElgUoy" 
wire spring rates. 
It is logical that an orthodontic wire which was made more elastic 
by heat treatment would tend to deforlll less upon activat:ion. Greater 
forces could be exerted on this wire before a permanent deformation 
occurred. Heat treatment then increases the wire'. ability to resist 
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permanent deformation when ligating the arch into the brackets. 
An analysis of the variance was used to determine differences between 
Rocky Mountain and Unitek stainless steel cantilever wires (Table XXVI). 
This showed significant differences due to force, composition, and the 
composition x treatment interaction. The graph of this two-factor inter-
action is shown in Figure 16. The fact that there is no significant dif. 
ference between the two treatments lends evidence to the opinion that 
stainless steel alloys are not capable of being truly "heat treated". 
According to Skinner and Phillips (1960), it is logical to assume that 
the increase in elasticity is due to a fiber stress-relieving phenomenon. 
In this analysis the other interactions were not significant. The mean 
square due to replications with 8 degrees of freedom is the error term. 
The standard error of the replicating process was ! .0474 millimeters. 
The coefficient of variation was 3.22 per cent. The 99 per cent confidence 
limits are ! .1593 millimeters and :! 11 per cent of the average. 
In general the Rocky Hountain wire showed less elasticity than the 
Unitek wire, with greater spring rate and less ability to resist de forma-
tion. However, both wires showed an 11 per cent decrease in spring rate 
and a 14 per cent increase in elasticity with the oven heat treatment of 
8500 F. for a! minutes. Refer to Tables XXV and XXVI and the graph in 
Figure 15. 
Another analysis of variance Table was used to evaluate the effect of 
stress relieving on the two stainless steel wires with 3 millimeter loops 
bent into them. In Table XXXIII there vas no significant difference 
I 
I 
I 
I 
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between non-heat treated and stress relieved wires from a statistical 
standpoint. There is no significant difference in composition because 
here the bending of the loops renders the increased bending performances 
so similarthat there is no significance. There are treatment x force and 
composition x force x treatment interactions. Figure 17 shows the two-
factor interaction. Here the mean square due to replications with 8 
degrees of freedom was the error term. The standard error of the repli-
cating process was! .1684 millimeters. The coeffici811t of variation is 
5.5 per cent. The 99 per cent confidence limits are -t .5659 millimeters 
and 18.48 per cent of the average. 
It is seen that cold worIting Rocky Mountain stainless steel imparts 
more elasticity, with the accompanying lower spring rate, than in Unitek 
wires (Table XXXII) • There is also less permanent deformation ,.,i th the 
Rocky Uoun"tain wires. This relationship holds true for the non .. heat 
treated and oven treated wires. From this test one can conclude that the 
non-heat treated wires deflected less because of the combined residual 
stresses due to the p1ier bending of the loop and the bending due to the 
testing process. The heat treated wire deflected more because the oven 
treatment removed the plier stresses, leaving only the test stress. 
DETERMINATION OF MODULUS OF ELASTICITY 
The value of E as given in the "Elgiloy1t manufacturer's manual is 
29,500,000. However, this value is inaccurate as far as clinical ortho-
dontics is concerned because it is derived from a heat treatment of 9800 F. 
for 8 hours. A precise way of determining E so as to have meaning in 
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orthO<lonticc is to use Qquation 15: 
~ 
orl';.l<'xr-
d' 31 
This was applied to the "ElgUoy~ wires in the non-heat treated, oven 
treated, and electric resistance treated conditions. The ferce tl1agnitude 
at ~hich the deflections were used was 160 grams 1)ece.uge this 1.8 the lev~l 
of the tlu·oo graphs (figs. 0, 10, awl 11) where tho stross-strain curves 
most nearly ll.SSWOOd their rightful relationships to C!':acn other. For 
example, red "Elgiloy" resistance treated at 100 grruus PJ1d 12 l1illimfrters 
gives: 
.3528 Ibs. x .1050 Incl'.~ 
.i~05 Inch x 3 x .3217 x Ih 1nch4 
E = 23,900,000 p.s.i. 
J?efering to Table XXXIV for the calculated E value for the four "ElgUoytt 
wires under the three conditions, it becomes apparent that the stiffer the 
wire, the higher the modul\.\s of elasticity. 
The relationship of red, green, yellow, and blue still hold.: red is 
still the stiffest wire in terms of modulus of elastioity followed by 
p,reen, yellow, and blue. Also the value of r; increases with the oven heat 
treatment, and still further increases with the electrical treatment. 
The per cent increases in moduli for red from the non-heat treated 
to the oven treated state vas 23 per cent; from the non-heat treated to 
the resistance treated it was 46 per cent. lhe per cent increases for l!: 
in green "tnr,Uoy" from the non-heat treated state to the oven and 
resistance treatments vas 14 and 40 per cent respectively. For yellow, 
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increases of 10 and 31 per cent; and for blue they vere 8 and 43 per cent. 
In determining the modulus of elasticity for the stainless steels, 
160 gratlls at 12 millimeters was also used. the modulus of elasticity of 
type 304 .tainless steel is given as 26,500,000 p.s.i. The data evaluated 
for the modulus ahows moduli of 21,200,000 p.a.i. for Rocky Mountain and 
19,300,000 for Unitek stainless steel vire.. the oven heat treatment 
reduced the moduli to 19,400,000 and 17,100,000 p.a.i. for the two wires 
respectively. They both showed a 9 per cent decrease in modulus of 
elasticity with this heat treatment. 
LJ!NGTU 
According to the equation 15: 
1= 
The deflection of a wire varies directly vith the cube of the length. If 
the length is dOubled, the deflection is increased 8 times, i.e., 
2 x 2 x 2 • 8. If the length is tripled, the deflection ia increased by 
27 times, i.e., 3 x 3 x 3 • 27, etc. Table XXXV gives that data obtained 
in deflecting a wire at different lengths vi th a constant force. 
Table XXXVI shows an average percentage difference of 1.6140 between the 
theoretical deflections and those actually obtained. This is a close 
approximation to the theoretical equation. Figure 19 illustrates the 
effect of length graphically. 
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The effect of diameter can be seen in equation 15: 
.... 
..I _ F X 1" 
o - where I : ~Et and 
Therefore, d = [ 64 x F x 1
3l 
3F; J where the term in brackets may 
be considered a constant. 'illus the deflection is inversely proportional 
to the product of 11" and diameter. F'or an .016 inch diameter wire the 
term 1f"d4 • 2.05887 x 10.7 inch4 • For an .020 wire 1\"04 : 5.02656. The 
ratio of deflection for .016 inch diameter wire to .020 inch diameter wire 
is therefore: 
2.05887 5.026sg or .409£ 
Table XXXVIII shovs the deflections for the two wires at the different 
force magnitudes and the ratio of the differences. 'lbe last column gives 
the actual percentage difference from the theoretical value. The average 
difference is seen to be 2.49 per cent which is a close approximation to 
the equation. Refer to Figure 20. 
CROSS SECTION GEOMETRY 
In bending, the effect of cross-section geometry in rectangular wires 
can be seen in equation 15: 
F x 1
3 
where I: bh3 for rectangular wires. 3~~I 12 
I 
I 
I 
I 
I 
.i 
:1 
'thus, 1 .. 
• bh .. i -
1 
bh3 
and the term in the 
bracket may be considered a constant. 
The deflection iI then seer! to be inversely fjrCtportiollal to the product 
of the base and height of the wire. Bending or.e axis and then the other 
axis revel'ses the base to height relation.hip. 
For an .016 :K .022 inch diameter wire the ratio of the .016 inch side 
as base to the .022 inch siele as height would be: 
.022 x (.016)3 .. 9.0112 x 10 .. 8 inch4 _ 
.016 x (.022)~ - 17.0368 x 10-8 inch4 - .5289 
'1'able XLI shows a 12 per cent actual difference from this expected relation-
ship. 
Figure 21 shows the denection c;;omparisons betwetm the .016 and .022 
inch diallletflr wire. 
I 
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CHAPTIm VI 
SUKMARY AND C~CLUSIONS 
It system of tests was conducted to study and compare certain mechanical 
properties of cobal t-chro:lium. and chromium-nickel wires. The effect of two 
different heat treatments on cobalt-chromium and one heat treatment on 
chromium-nickel wires was studied. The influence of certain basic theories 
was checked. 
After the wires were tested, the spring rates, deformations, and 
moduli of elasticity were evaluated. 
On the basis of the result of this experiment, the following conclu-
sions can be drawn: 
1. The four cobalt-chromium wires maintain a definite relationship 
to each other in terms of stiffness. 
2. The four cobal t.chromium wires are closer in stiffness than in 
ability to resist permanent deformation. 
3. Heat treating in the oven and with the electrical resistance 
unit increases the spring rate and the modulus of elasticity, 
while the percentage of deformation is reduced. The effect is 
more dramatic with resistance heat treating. 
4. In chromium-nickel wires there is no significant difference in 
bending between the oven treated and the non-heat treated wires. 
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5. "Stress relieving" cold worked chromiWll-nickel wires increases 
the elasticity and reduces the permanent deformation. 
G. lbe moduli of elasticity for both the cobalt-chromium and the 
chromium-nickel wires was found to be lower than thoN in pub-
lished information. 
7. theoretical deflection values can be closely approximated with 
actual deflection measurements to show the effect of wire diameter, 
length, and cro .... sectional geometry_ 
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